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Summary: We propose a perceptual grouping framework that organizes
image edges into meaningful structures (See Figure.1) and demonstrate its
usefulness on various computer vision tasks. Our grouper formulates edge
grouping as a graph partition problem, where a learning to rank method
is developed to encode probabilities of candidate edge pairs. In particular,
RankSVM is employed for the first time to combine multiple Gestalt princi-
ples as cue for edge grouping. Afterwards, an edge grouping based object
proposal measure is introduced that yields proposals comparable to state-
of-the-art alternatives. We further show how human-like sketches can be
generated from edge groupings and consequently used to deliver state-of-
the-art sketch-based image retrieval performance. Last but not least, we
tackle the problem of free-hand human sketch segmentation by utilizing the
proposed grouper to cluster strokes into semantic object parts.

Figure 1: Edge grouping examples (Bottom) on complex scenes (Top).

Grouper: RankSVM is employed to combine continuity and proximity for
edge grouping, which aims to learn a ranking function F(x) =ωωωT x that out-
puts a score such that F(x(vi,v j)) > F(x(vi,vk)) for any (vi,v j) � (vi,vk).
x(vi,v j) is the feature of edge pair (vi,v j) and ωωω refers to a weight vector ad-
justing by learning algorithm. Then our grouper formulates edge grouping
as a graph partition problem, where the learned RankSVM model is used to
encode probabilities of candidate edge pairs as formulated in the following:

E(vL) = ∑
vi∈V

D(vi,vL)+ ∑
{vi,v j}∈N

S(vi,v j) (1)

where, D(vi,vL) = sigmoid(F(xxx))−1

= sigmoid(ωωωT x(vi,vL))
−1

(2)

S(vi,v j) = d(vi,v j)
−1 (3)

Edge grouping for objectness: Inspired by edge-based objectness work[3],
a noval criterion to measure objectness is proposed that: (i) the closure area
of an edge group should occupy the candidate bounding box as much as pos-
sible, since object boundaries often form closed regions, (ii) the structural
complexity of edge groups under a candidate box is relatively simple, since
ideally each edge group should correspond to exactly one object (or their
parts). Therefore, the scoring function is defined in Eq.4. Result is shown
in Figure.2 and Tabel.1
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C(Gb)

n/Ab
=

cvhull(Gb)

n(bw×bh)2 (4)

Edge grouping for SBIR: Edge grouping is further used to produce human-
drawing-like sketches which keep a similar level of details as those from hu-
mans, and consequently deliver state-of-the-art sketch-based image retrieval
performance as shown in Figure.3 and Table.2.
Edge grouping for sketch segmentation: Edge grouping is capable of clus-
tering sketch strokes into semantic object parts (See Figure.4).

This is an extended abstract. The full paper is available at the Computer Vision Foundation
webpage.

Figure 2: Qualitative examples of our edge grouping based objectness.

IoU=0.5 IoU=0.7
Methods Recall(%) AUC(%) Ji(%) Recall(%) AUC(%) Ji(%)
PercepEdge(Ours) 95.84 28.25 79.47 83.87 9.83 81.72
PercepEdge-pro 92.25 28.25 78.69 81.97 8.82 80.77
PercepEdge-con 90.53 25.41 78.06 77.70 8.30 80.68
BING 96.39 15.33 65.90 27.34 2.19 78.01
EdgeBoxes50 93.13 21.06 72.61 54.04 5.09 79.42
EdgeBoxes [3] 94.77 28.13 79.68 81.65 10.06 82.32
MCG [1] 93.61 31.44 83.60 77.56 14.08 88.16
Objectness 83.92 15.79 68.81 34.74 2.60 77.48
Sel.Search 91.51 31.04 83.91 77.17 13.96 88.09

Table 1: Comparison of top 104 proposals with state-of-the-art on Recall,
AUC and Jaccard index at instance level(Ji).

Figure 3: Example query sketch, and their top ranking results.

Methods Vocabulary size MAP

PeceptualEdge (Ours) non-BoW 0.1837
PeceptualEdge-proximity non-BoW 0.1602

GF-HOG [2] 3500 0.1222
HOG 3000 0.1093
SIFT 1000 0.0911
SSIM 500 0.0957

ShapeContext 3500 0.0814
StructureTensor 500 0.0798

PeceptualEdge-continuity non-BoW 0.0789
StructureTensor non-BoW 0.0735

Table 2: SBIR results comparison (MAP).

Figure 4: Example sketch segmentation results of four object categories.
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